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6)
Carotid intima-media thickness as well as the degree of coronary artery calcification is a widely used method for assessing patients' risks since the importance of primary prevention of CAD has been emphasized. In the process of carotid ultrasonography, the presence of carotid plaque is also recognized as an important prognostic factor, along with CIMT.
7-11)
The Atherosclerosis Risk in Communities (ARIC) study showed that coronary heart disease and mortality risk prediction can be improved by adding CIMT and plaque information to traditional risk factors.
12)
In previous studies, assessment of carotid plaque, compared with the CIMT, had a higher diagnostic accuracy in the prediction of future CAD.
7)8)11)13) Also, we previously reported that carotid plaque was a strong predictor of death and major adverse cardiovascular events (MACE) in patients with CAD.
14)
However, most research focused on the role and clinical significance of carotid ultrasonography on primary prevention. Moreover, although the clinical significance of CIMT and carotid plaque has been recognized, simultaneous analysis of increased CIMT and the presence of carotid plaque has been reported limitedly in patients with CAD.
Carotid ultrasonographic findings have recently been proved to have meaningful effects on the secondary prevention of CAD, 14) 15) but the degree of influence of both CIMT and carotid plaque have on the prognosis of patients with CAD has not yet been studied. Therefore, the purpose of this study was to identify the impact of CIMT and the presence of carotid plaque, measured using carotid ultrasonography, on the long-term clinical prognosis of patients with CAD.
Subjects and Methods

Patient population
The study population consisted of 1654 consecutive patients who underwent carotid scanning and coronary angiograms (CAGs) from January 2000 to June 2007 in Konyang University Hospital CIMT Registry. We excluded 159 patients due to the following reasons; hemodynamic instability (n=21), poor carotid image quality (n=75), and lack of an evaluation of the presence of carotid plaque or CIMT (n=63). Patients who were lost to follow-up within 24 months (n= 26) and who died from malignancy or infection (n=43), according to their medical records, were also excluded. Consequently, a total of 1426 consecutive patients (781 male, 54.8%; mean age of 64.7± 10.1 years) with CAD, defined as ≥50% diameter stenosis by CAG, who underwent carotid scanning were enrolled. The demographic, clinical, and angiographic baseline data were collected by trained research technicians. The duration of patient follow-up was as follows: mean of 87 months for death, and 54 months for stroke and acute myocardial infarction (AMI).
The baseline evaluation included a complete history and physical examination including the following information: HTN (blood pressure ≥140/90 mm Hg, based on the average of repeated readings or patients on antihypertensive drugs), dyslipidemia (total cholesterol >200 mg/dL and/or triglycerides >150 mg/dL and/or low density lipoprotein cholesterol >130 mg/dL or patients on lipid-lowering therapy), diabetes mellitus (DM, controlled with diet, oral hypoglycemic agents, or insulin; or fasting glucose level ≥126 mg/dL or 2 hour oral glucose tolerance test ≥200 mg/dL), renal failure (creatinine ≥2.0 mg/dL), smoking habits (included former and current smokers), old myocardial infarction (MI) (previously documented AMI) and lower ejection fraction (EF ≤50% by echocardiography). Old age was defined as ≥60 years old.
Informed consent was obtained from each patient and the study was approved by our hospital ethics committee. The study protocol conforms to the ethical guidelines of the Declaration of Helsinki in 1975.
Coronary angiography
Coronary angiogram was performed to evaluate ischemic heart failure or non-cardiac preoperative risk (n=267) and ischemic heart disease { stable angina (n=769), unstable angina (n=153) or AMI (n=237) } . CAG was performed through either a femoral or radial artery using a standard technique. Significant coronary artery stenosis was defined as a ≥50% reduction of the internal diameter at major epicardial coronary arteries and side branches with a diameter ≥2.5 mm.
Carotid artery scanning
Before or within one day after the CAG, carotid artery scanning was performed with a high-resolution ultrasonographic unit (Hewlett-Packard Sonos-5500®, CA, USA), equipped with a 7.5 MHz linear array transducer. The subjects were assessed in a supine position. All ultrasonographic examinations were performed by one technician who was specialized, well trained, and blinded to the clinical and angiographic information of the study subjects. The CIMT was measured in 1 cm long segments just proximal to the carotid bulb in the common carotid artery using a semi-automatic technique with MATH® software (version 2.01; METRIS CO., Argenteuil, France). In the presence of plaque, the CIMT was measured at the segment without plaque. Carotid plaque was defined as a focal structure encroaching into the arterial lumen by at least 50% of the surrounding CIMT value, 16) 
Clinical follow-up
Clinical follow-up was performed for at least 2 years (maximum: 120 months, mean: 87 months) and follow-up data was obtained from all patients.
Stroke and AMI events were documented by making phone calls to the patients (437 patients) and by reviewing hospital records (989 patients). Information regarding whether the patient expired was confirmed by the National Statistical Office. The primary outcome was all causes of death. The MACE were defined as the following: cardiac death, AMI, and stroke. Cardiac death was defined as death from pump failure, arrhythmia, or mechanical complications including ventricular septal rupture and free wall rupture. The definition of AMI included two among the following three criteria; prolonged chest pain for over 20 minutes, elevation of cardiac enzymes (creatinine kinase, creatine kinase-MB or the relative index) more than twice the upper limit of normal, and ST-T wave change or new Q waves on serial electrocardiography that were indicative of myocardial damage. Stroke was defined as a loss of neurological function caused by an ischemic event and this loss persisted for more than 24 hours or it left residual signs.
Statistical analysis
Differences in the continuous and categorical variables were evaluated through an analysis of variance test and chi-square test. The cumulative incidence of adverse events was estimated by the Kaplan-Meier method after stratifying subjects into four groups according to CIMT and presence of carotid plaque. The significance level was assessed by log-rank test.
The relationships between carotid plaque, CIMT, and cardiovascular events were tested by one variable Cox regression analysis. Multivariable Cox regression analysis was performed to evaluate the association between the clinical outcome and several parameters, including CIMT, carotid plaque, old age, gender, lower EF, DM, HTN, dyslipidemia, renal failure, smoking habits, acute coronary syndrome (ACS), and body mass index (BMI). All statistical tests were performed by using the Statistical Package for the Social Sciences (SPSS) program, version 18.0 (SPSS, Inc., Chicago, IL, USA) and a p of <0.05 was considered statistically significant.
Results
Patient demographics
Baseline characteristics of the four groups are listed in Table 1 . Patients with carotid plaque and thick CIMT (group IV, n=237, 16.6%) were more likely to have HTN, DM, and multi-vessel diseases compared to those who had carotid plaque with thin CIMT (group III, n=213, 14.9%), who did not have plaque with thick CIMT (group II, n=265, 18.6%) and who did not have plaque with thin CIMT (group I, n=711, 49.9%).
The mean values of CIMT in groups I, II, III, and IV were 0.691± 0.087 mm, 0.965±0.125 mm, 0.732±0.082 mm, and 1.033±0.164 mm, respectively. Groups I and II (those without plaque) had more medical treatment, whereas Group III and IV (those with carotid plaque) had more interventional treatment for CAD.
The average follow-up duration was 87 months (IQR 69-109) for death, and 54 months (IQR 36-72) for AMI, stroke, and MACE. (Table 2 and 3) Patients with either carotid plaque or thick CIMT had higher MACE (23.6% vs. 10.9%, p<0.001, 21.3% vs. 11.5%, p<0.001) than those who did not have a carotid plaque or had thin CIMT. The patient group with thick CIMT and carotid plaque had the highest MACE rate (Group I: 9.3%, Group II: 15.1%, Group III: 18.8%, Group IV: 27.8%, p<0.001) ( Table 2) .
Clinical outcomes
Major adverse cardiovascular events risk according to carotid intima-media thickness and carotid plaque
Univariate analysis showed that the hazard ratio (HR) of Groups II, III, and IV were 1.69 { 95% confidence interval (CI) 1.14-2.51, p=0.001 } , 2.30 (95% CI 1.55-3.40, p<0.001) and 3.79 (95% CI 2.69-5.33, p<0.001), respectively. Other significant predictors for death were: old age (HR 2.38, 95% CI 1.77-3.20, p<0.001), male gender (HR 1.62, 95% CI 1.22-2.14, p=0.001), lower EF (HR 3.76, 95% CI 2.41-5.85, p<0.001), renal failure (HR 2.73, 95% CI 1.35-5.55, p=0.005), smoking (HR 1.55, 95% CI 1.18-2.05, p=0.002), ACS (HR 2.20, 95% CI 1.67-2.89, p<0.001), and low BMI (HR 0.59, 95% CI 0.44-0.78, p< 0.001) .
Kaplan-Meier curve analysis showed that Group IV had the highest probability of future mortality, followed by patients with either thick CIMT or carotid plaque alone as illustrated in Fig. 1A . This means that patients with carotid plaque and thick CIMT have the highest probability of future MACE.
Multivariate analysis also showed that the HR of groups IV and III The Kaplan-Meier curve analysis showed Group IV had the highest probability of future mortality, followed by patients with either thick CIMT or carotid plaque alone as illustrated in Fig. 1B and C shows the risks adjusted in Kaplan-Meier incidence curves, which demonstrate that the group with thick CIMT and existing carotid plaque had the highest mortality risk.
Multivariate analysis showed that Groups IV (HR 2.23, 95% CI 1.33-3.76, p=0.003), III (HR 2.01, 95% CI 1.45-3.52, p=0.015), and II (HR 1.81, 95% CI 1.02-3.21, p=0.042) all had significant higher HRs than Group I. The HR of carotid plaque was higher than those with thick CIMT (1.56, p=0.030 vs. 1.37, p=0.108). Other significant predictors for mortality by multivariate analysis were old age (HR 4.24, 95% CI: 2.51-7.15, p<0.001), male gender (HR 1.75, 95% CI 1.14-2.71, p=0.011), lower EF (HR 4.07, 95% CI 2.38-6.97, p<0.001), and renal failure (HR 6.01, 95% CI 2.74-13.17, p=0.003). (Table 5) Patients with either carotid plaque or thick CIMT had higher stroke rates than those who did not have a carotid plaque or had thin CIMT (6.2% vs. 3.7%, p=0.032, 6.4% vs. 3.5%, p=0.011). The stroke rate was highest in Group IV (Group I: 3.19%, Group II: 5.3%, Group III: 4.7%, Group IV: 7.6%, p=0.030) ( Table 2) .
Stroke risk according to carotid intima-media thickness and carotid plaque
Univariate analysis showed that Group IV was a significant predictor (HR 2.70, 95% CI 1.45-5.05, p=0.002) for stroke. Old age (HR 2.21, 95% CI 1.30-3.76, p=0.003), HTN (HR 1.97, 95% CI 1.18-3.31, p=0.010), and ACS (HR 1.94, 95% CI 1.17-3.21, p=0.010) were also significant predictors for stroke. Kaplan-Meier curve analysis showed patients presenting with both thick CIMT and carotid plaque had the highest probability of future stroke, followed by patients with either thick CIMT or carotid plaque alone as illustrated in the KaplanMeier analysis shown in Fig. 1E .
However, multivariate analysis showed that there was no significant predictor for stroke among the parameters of carotid ultrasound findings. Thick CIMT with existing carotid plaque had the highest HR, but this result did not have statistical significance (Group II: HR 1.16, 95% CI 0.54-2.49, p=0.704, Group III: HR 1.15, 95% CI 0.51-2.60, p=0.738, Group IV: 1.61, 95% CI 0.79-3.30, p=0.190). The other significant predictor for stroke by multivariate analysis was 
Acute myocardial infarction risk according to carotid intima-media thickness and carotid plaque
There was no significant difference for incidence of AMI according to the carotid plaque or CIMT (Table 2) . Kaplan-Meier curve analysis also showed that there were no significant differences in the cumulated AMI rate between the four groups (Fig. 1D) .
Discussion
The major finding of our study was that both CIMT and carotid plaque were important predictors for death and MACE, even after adjustment for cardiovascular risk factors, especially in patients with CAD. Secondly, carotid plaque had a higher HR than CIMT in this study group. This means that the presence of carotid plaque has more powerful prognostic significance than CIMT in this study group.
This result was in accordance with our previous study 14) which evaluated the importance of carotid plaque only in CAD patients. But, the present study evaluated the significance of CIMT and carotid plaque's prognostic impact on MACE in the patient population. As a result, we examined CIMT in addition to the carotid plaque and divided our subjects into four groups. Ultimately, we found that thick CIMT with simultaneously existing carotid plaque was the most powerful independent predictor of mortality and MACE. There are several cardiovascular risk stratification models: the Framingham risk score, the Systematic COronary Risk Evaluation project, and the Prospective Cardiovascular Munster Study that serve as useful methods for predicting the risk of future CAD. Fig. 1 . Kaplan-Meier survival curve (A, B, D, and E) and risk-adjusted Kaplan-Meier curve (C) after stratifying subjects into 4 groups according to CIMT and presence of carotid plaque during long-term follow-up. A and B: major adverse cardiovascular event (MACE) and death rate were significantly higher in patients with carotid plaque than those without carotid plaque and higher in those with thick CIMT than in those in the thin CIMT group. C: mortality risk was also highest in the thick CIMT with carotid plaque group followed by those with carotid plaque and thin CIMT, those without carotid plaque and thick CIMT, and those without carotid plaques and thin CIMT in risk-adjusted Kaplan-Meier curve analysis. D: acute myocardial infarction (AMI) rate showed no significant difference between the 4 groups. E: stroke rate was significantly higher in patients with thick CIMT and carotid plaque compared to those with thin CIMT and without carotid plaque. CIMT: carotid intima-media thickness.
MI, heart failure, peripheral disease, revascularization, and previous stroke were independent predictors for mortality according to the cardiovascular risk assessment model in patients with established CAD. However, risk factor models for patients with known CAD are not well established. Carotid ultrasound is the simplest, non-invasive imaging test and has been widely used as a surrogate marker of atherosclerotic disease 1) and for established surrogate markers for CAD and MACE as well. 8) Carotid ultrasound is also recommended for, and is used in, the screening test for CAD. 24) However, measurement of the area or volume of plaque is generally considered to be a better predictor for the processing of atherosclerotic disease than CIMT. 25) Furthermore, other studies demonstrated that carotid plaque, rather than CIMT, is a more accurate predictor of coronary events and is more closely related to CAD. 7)11)26) The ARIC study reported that adding carotid plaque and CIMT to the traditional risk factors improved CAD risk prediction. However, the study population's heart disease was not confirmed by CAG.
12)
Several studies revealed that carotid plaque and CIMT were also independent predictors of death and MI in patients with CAD.
13)27)28)
Our previous study also shown that carotid plaque is a more important predictor for MACE and mortality than CIMT in patients with CAD.
14) The present study suggests that the presence of carotid plaque with thick CIMT was the most powerful predictor for mortality and MACE in patients with CAD; and coronary atherosclerosis was confirmed via CAG. Carotid plaque and CIMT are well established independent predictors of stroke, and carotid plaque is known to be a more accurate surrogate than CIMT.
29)30) In our study, carotid plaque or thick CIMT had higher incidence and prediction rates of stroke, but this was not statistically significant after being adjusted in multivariate analysis. Our study result with regards to stroke was different with the previous studies. This different result was possibly due to our study subjects, who had CAD confirmed by CAG, which was different to those of previous studies.
29)30)
Although current guidelines do not recommend carotid ultrasonography in patients already diagnosed with CAD, our study results show the importance of the carotid scan. There was a higher MACE rate in patients with thick CIMT or those with carotid plaque than those with thin CIMT and/or without carotid plaque. Those patients who suffer from CAD require active efforts for secondary prevention if increased CIMT or carotid plaque has been discovered. According to our previous study, the presence of carotid plaque in patients with CAD was related with an increased cardiogenic mortality rate.
14)
However, most studies consistently reported the effects of carotid ultrasonographic results on MACE, especially in patients with HTN, DM, and old age, rather than in patients with CAD. Thus, current guidelines recommend the use of carotid ultrasonography only for the primary prevention of CAD, discouraging its use for patients without risk factors or those who already have confirmed CAD. In addition, follow-up carotid ultrasonography is not recommended and is considered a contraindication.
For patients who have the risk factors, carotid ultrasound can be utilized to assess the risk of cardiovascular adverse events along with coronary arterial calcium score, and further treatment steps, such as lipid lowering therapy or noninvasive cardiovascular tests, can be chosen depending on its results.
For patients without the risk factors, carotid ultrasonography may not be a useful examination method in real clinical conditions. However, for those patients already diagnosed with CAD, although carotid ultrasonographic results may not influence the treatment of the diseases itself, the results have shown to have a significant influence on the prognosis of these patients and have the potential to become a clinically significant means of examination.
In our study, there were other factors in addition to the carotid ultrasonographic results that influenced cardiovascular incidents, including a history of MI, poly-vascular diseases, ACS, and left ventricular dysfunction, but this result was in accordance with that of previous studies.
Another interesting consequence that we discovered was regarding the different prevalence rates of HTN and DM in each group. That is, HTN and DM were more prevalent with the presence of carotid plaque or increased CIMT and among these two factors, the presence of carotid plaque was associated with higher prevalence with HTN and DM. Both HTN and DM have previously been reported to have relationships with carotid ultrasonography, and the presence of each disease was reported to be more prevalent with thickened CIMT and existing carotid plaque.
14) However, the fact that CIMT plays a role in the prevalence rate of such diseases is an interesting fact. Obviously, the duration of the disease or its severity will affect the difference, but was shown that the probability of HTN and DM increases with thickened CIMT and, especially, with the presence of carotid plaque.
Clinical Implications
Our study suggests that carotid plaque has more important prognostic power than CIMT in prognosis, especially in patients with CAD, although those two factors were significant prognostic predictors. Additionally, carotid scanning may be an important tool for secondary prevention purpose.
Study limitations
Our study had several limitations. The major limitation is that this study was single center registry cohort study. Although we performed adjustment analysis, unmeasured hidden biases may have remained. Secondly, we could not evaluate the impact of medical intervention on long-term clinical outcomes. Third, this study enrolled patients from 2000 to 2007 and defined carotid plaque as irregularly thickened part with 1.2 mm or thicker, but recently its definition has been altered to include a thickened part with 1.5 mm or thick or 50% thicker than its surroundings, and thus will require additional analysis. Fourth, initially we tried to seek cardiac death as a MACE, excluding the patients who died from infection and malignancy, but the death status in some patients was derived from the National Statistics Office without information for cause of death. Therefore, there is some chance of non-cardiac death in the cardiac death group. Finally, recent studies suggest that the morphologic abnormalities of carotid plaques, such as irregular surface, ulceration of the plaque, and hypoechoic characteristics are related to the rise in cardiovascular incidences. In this study, we fo-
